A generalized transducing phage, BN100, was isolated from a Bacillus subtilis (natto) strain producing poly-␥-glutamic acid (␥PGA). Transduction frequencies for a given marker ranged from 3.8 ؋ 10
Ϫ
, is indeed caused by insertion of Tn917-LTV1, because spontaneous ␥PGA Ϫ mutants occur at a significantly high frequency (7) . Unlike the situation in B. subtilis 168, in which genetic systems such as PBS1-mediated transduction and efficient transformation have been well established (4), neither transducing phage nor an efficient method of transformation by chromosomal DNA is available for ␥PGA-producing strains. Accordingly, we attempted to isolate a generalized transducing phage which could be used to analyze Tn917-LTV1 transpositional mutants. We here describe some properties of a generalized transducing phage, BN100, and the transductional analysis with BN100 of ␥PGA Ϫ mutants obtained by Tn917-LTV1 mutagenesis.
Isolation of transducing phage BN100. Five lysogenic phage, as judged by the turbidity of the plaques, were isolated from our B. subtilis collection (total, 183 strains), and one was from natto contaminated with phage during the fermentation process. The phages were propagated in B. subtilis (natto) NAF4 (Rif r , prototroph) (7) on a nutrient soft agar plate and introduced into three auxotrophic mutants derived from NAF4 (Table 1) by incubating 10 8 recipient cells with the phage tested (at a multiplicity of infection of ca. 1) in 1 ml of SM buffer (6) at 37°C for 20 min, followed by selection of prototrophic transductants on minimal agar plates (1) . One phage, designated BN100, was found to transduce the independent markers ade, ura, and leu, at a frequency ranging from 3.8 ϫ 10
Ϫ8 to 1.6 ϫ 10 Ϫ6 per phage particle ( Table 1) . Treatment of the phage lysate with DNase I or chloroform did not affect the frequency of transduction.
Properties of BN100. BN100 produced very tiny plaques on the host cell lawn in nutrient soft agar plates. However, when Mg 2ϩ (10 mM), but not other divalent cations, was present in the medium, the phage produced clear plaques with turbid peripheries (2 to 3 mm in diameter), indicating that BN100 requires Mg 2ϩ to establish infection in sensitive cells. Therefore, BN100 was grown in nutrient soft agar medium containing 10 mM Mg 2ϩ and incubated with recipient cells in SM buffer (6) , which contains 8 mM Mg 2ϩ , in transduction experiments. Six ␥PGA ϩ B. subtilis strains, including three commercial starter natto strains, and one ␥PGA Ϫ strain were sensitive to BN100. Three ␥PGA Ϫ strains, such as B. subtilis 168, and three ␥PGA ϩ strains were resistant to this phage. BN100 was propagated on a lawn of B. subtilis (natto) NAF4 growing in nutrient soft agar medium (2.5 ml) supplemented with 10 mM Mg 2ϩ in a petri dish (9 cm in diameter). The phage was extracted from 25 ml of the soft agar culture with 25 ml of SM buffer containing a few drops of chloroform by incubating at 4°C for 1 h. After removing agar, cells, and cell debris by centrifugation at 12,000 ϫ g for 15 min, the phage particles were precipitated with 10% polyethylene glycol and 1 M NaCl and purified by ultracentrifugation through a stepwise density gradient of CsCl (6). The purified phage was stained with 2% phosphotungstic acid (pH 7.0) for electron microscopic observation. As shown in Fig. 1 , BN100 consisted of a head with a hexagonal outline (67 by 60 nm) and a flexible tail (200 nm in length and 7 nm in diameter) with a knob-like structure at the tip. The phage DNA was extracted from the purified phage with phenol-chloroform (1:1, vol/vol), precipitated with ethanol, and dissolved in Tris-EDTA buffer. To determine the genome size of BN100, the purified phage DNA was digested with restriction endonuclease EcoRI or HindIII and the sizes of the DNA restriction fragments generated were determined by agarose gel electrophoresis. The total sizes of the EcoRI and HindIII fragments were 39 and 44 kb, respectively, indicating that the genome of BN100 was around 42 kb in size.
Analysis of Tn917-induced mutants with BN100. Tn917-LTV1 insertional ␥PGA Ϫ mutants of B. subtilis (natto) NAF4 were obtained essentially as described by Youngman and colleagues (2, 14) . pLTV1 was introduced into strain NAF4 by transformation as described by Chang and Cohen (3). The resultant transformant, resistant to erythromycin (Em r )-lincomycin (Lm r ) and tetracycline (Tc r ), was grown in Luria-Bertani (LB) broth without antibiotic at 30°C to logarithmic phase (optical density at 660 nm, 0.5), and a portion of the culture was spread on LB agar medium containing 25 g of erythromycin/ml and 1 g of lincomycin/ml (14) . The transposition frequency of Tn917-LTV1 in this host was 1.1 ϫ 10 Ϫ4 , as determined by counting the number of the Em r -Lm r colonies which appeared after incubation at 30 and 48°C (14) . The logarithmic-phase culture (10 ml) of B. subtilis (natto) NAF4/ pLTV1 growing at 30°C was transferred into 1 liter of LB broth containing 25 g of erythromycin/ml and 1 g of lincomycin/ ml, and the culture was grown at 48°C for 16 h. Ten milliliters of the culture was then transferred into fresh LB broth containing erythromycin and lincomycin, and the culture was grown as above. After two cycles of cultivation at a nonpermissive temperature, cells carrying pLTV1 (Tc r ) were not detectable. Seventeen ␥PGA Ϫ mutants, unable to produce ␥PGA, were obtained from a mutant library (5.6 ϫ 10 4 colonies) of B. subtilis NAF4 thus constructed. To demonstrate whether the mutation was indeed due to an insertion of Tn917-LTV1, BN100 was propagated in each mutant, and the phage lysate was used to transduce Tn917-LTV1 into NAF4 by selecting for Em r -Lm r conferred by the transposon (2, 14) . The Em r -Lm r transductants were obtained at a frequency between 3.0 ϫ 10 Ϫ7 and 2.0 ϫ 10 Ϫ6 per phage particle. The transductants from each cross were then tested for production of ␥PGA and the ade product. was less than 5%, e.g., BN100 (NAF25) ϫ NAF6 ( Table 1 ), indicating that insertion of Tn917-LTV1 in these mutants had occurred at a site unrelated to ␥PGA production. The ␥PGA Ϫ transductants of NAF4 might be due to spontaneous mutation. These results demonstrated the usefulness of BN100 in genetic analysis of Tn917-insertional mutants of ␥PGA-producing B. subtilis (natto). Our present results also showed that it is important to confirm that the observed ␥PGA Ϫ phenotype is caused by Tn917 insertion before gene cloning.
We have isolated the neighboring region of the Tn917-LTV1 insertion site from the chromosome of strain NAF12. By using the DNA fragment from the chromosomal region obtained as the probe, we have subsequently cloned the 16-kb region covering the insertion site. Analysis of the cloned sequence is now under way in our laboratory. , defective in ␥PGA production.
